This paper deals with the design of an observed based optimal state feedback controller having pole location constraints for an active vibration mitigation problem of an aircraft system. An eleven-degree-of-freedom detailed full aircraft mathematical model having active landing gears and a seated pilot body is developed to control and analyze aircraft vibrations caused by runway excitation, when the aircraft is taxiing. Ground induced vibration can contribute to the reduction of pilot's capability to control the aircraft and cause the safety problem before take-off and after landing. Since the state variables of the pilot body are not available for measurement in practice, an observed based optimal controller is designed via Linear Matrix Inequalities (LMIs) approach. In addition, classical LQR controller is designed to investigate effectiveness of the proposed controller. The system is then simulated against the bump and random runway excitation. The simulation results demonstrate that the proposed controller provides significant improvements in reducing vibration amplitudes of aircraft fuselage and pilot's head and maintains the safety requirements in terms of suspension stroke and tire deflection.
Introduction
The landing of an aircraft is the most critical operation, since it directly affects the safety, comfort, taxiing performance, and aircraft fatigue life [1] . During landing, ground induced vibrations cause the safety and comfort problem, hence need to mitigate quickly. It is well known that most of the nonfatal accidents occur during the landing [2] . The landing gear system is the intermediate element between the aircraft fuselage and the runway [3] . Therefore, a successfully designed landing gear system should be able to provide the aircraft stability and maneuverability after the landing impact [4] .
Dynamic and impact loads in aircrafts resulting from landing and uneven runway surfaces are recognized as a significant factor in causing fatigue damage [5] . Additionally, runway irregularities can contribute to reduction of pilot's capability and the accidents may occur because of this problem [1, 6] . Therefore, landing gear systems have to attenuate the ground induced vibrations to improve the passenger-crew safety and comfort.
Design of landing gear systems has been studied for a long time [7] [8] [9] . For all aircraft, landing gears are equipped with passive damping devices that suppress the ground induced vibrations [10] . Well-designed passive landing gears can be able to provide the required safety and comfort and absorb the energy during the touchdown [11] . However, the vibration damping performance of the passive landing gear system is not ensured since the passive damper devices cannot be tuned for every single runway's characteristics [12] . Therefore, semiactive and active landing gears systems are currently being studied and experimented to overcome this adaptability problem [13, 14] .
In literature, many linear and nonlinear control methods have been proposed for active and semiactive landing gear systems [15, 16] . Ghiringhelli and Gualdi have designed a hybrid semiactive controller that combines a nonlinear PID term to mitigate the ground induced vibrations [17] .
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Gharapurkar et al. have designed a semiactive magnetorheological landing gear system by the use of Linear Quadratic Regulator (LQR) and ∞ control methods for a threedegree-of-freedom aircraft model considering the bounce, the pitch, and the roll motions [18] . Sateesh and Maiti have developed a torsional MR damper to enhance the stability of the nose landing gear system due to the ground induced lateral excitation [19] .
Among the passive, semiactive, and active landing gears, active landing gears can provide the best comfort and safety performance. Therefore, active landing gears have received much more attention in the last decades. Ross and Edson have designed an active landing gear system to mitigate the landing loads and ground induced vibrations under various runway irregularities in their brief study [20] . Freymann has applied an experimental and analytical study to show the efficiency of active landing gears in reducing landing loads and ground induced vibrations under different runway excitation [21] . A full aircraft model having active landing gears has been considered by Sivakumar and Haran, and PID controllers have been designed to attenuate the ground induced vibrations for passenger comfort and safety while the aircraft is taxiing [22] .
All the papers discussed above add some significant contribution to the literature. However, the pilot body vibration analysis in terms of safety and comfort performance requirements has not been considered using detailed full aircraft mathematical model having an integrated biodynamic pilot model so far which is the main motivation factor of this study.
In this paper, landing gear control strategy for a detailed full aircraft with biodynamic pilot model is proposed to improve vibration suppression performance on pilot ride comfort, ride safety, and fuselage acceleration when the aircraft is subjected to runway disturbance during the taxiing. An integrated pilot's seat and detailed full aircraft model that includes Abbas et al. 's [23] four-degree-of-freedom biodynamic seated pilot model is presented. This detailed mathematical model provides a platform to analyze ride comfort performance in terms of pilot's head acceleration responses during taxiing under different type runway excitation. Based on the detailed aircraft mathematical model, an optimal controller is designed to attenuate the fuselage and pilot's head vibrations. Because the state variables of biodynamic pilot body model are not available for measurement in practice, an observer based state feedback optimal controller having pole location constraints is developed using LMIs approach. Additionally, classical LQR controller is designed to demonstrate the effectiveness of the proposed observer based controller. Finally, numerical simulation studies are conducted to evaluate the performance of the designed controller under bump and random type runway excitation.
Rest of the paper is organized as follows: Section 2 describes the dynamic model of a full aircraft system having active landing gears and biodynamic pilot model. The design of an observer based state feedback optimal controller having pole location constraints is presented in Section 3. Simulation results with discussions are given in Section 4. Finally, Section 5 concludes the paper.
Notation.
A fairly standard notation is used throughout the paper. R stands for the set of real numbers, and R × is the set of × dimensional real matrices. "trace" stands for the standard trace operator. The identity and null matrices are denoted by and 0, respectively. > 0 (≥, < 0) denotes that is a positive-definite (positive semidefinite, negative definite) matrix. The notation "⊗" denotes the Kronecker product. Finally, diag{ 1 , . . . , } stands for a diagonal matrix with elements 1 , . . . , appearing on its diagonal.
Mathematical Modelling of a Full Aircraft System Having Active Landing Gears and Biodynamic Pilot Model
In this study, an eleven-degree-of-freedom detailed full aircraft model is shown in Figure 1 , including active landing gears and a pilot seat suspension system, and an integrated four-degree-of-freedom biodynamic pilot body model is provided. The mathematical model consists of full vehicle dynamics and vertical vibrations of seated pilot body. In this model, aircraft dynamics include vertical motions of fuselage and tires, angular motions of fuselage as known as roll, and pitch.
In Figure 1 , f is the fuselage body mass which is connected to the three masses of the front, rear left, and rear right landing gears. t1 , t2 , and t3 are the front, rear left, and rear right landing gear masses, respectively. s is the pilot's seat mass, and the pilot body is composed of fourmass segment, that is, head and neck h , upper torso u , lower torso l , and thigh and pelvis p . The arms and legs are combined with the upper torso and thigh, respectively [23] . t1 ( ), t2 ( ), and t3 ( ) are the vertical displacements of front, rear left, and rear right tires. f ( ) is bounce motion of the fuselage and ( ) and ( ) are the roll and pitch angular positions which are defined with respect to the body fixed coordinate frame. s ( ) is the vertical displacement of pilot's seat. p ( ), l ( ), u ( ), and h ( ) are defined as vertical displacements of thigh and pelvis, lower torso, upper torso, and head, respectively. r1 ( ), r2 ( ), and r3 ( ) are the runway displacement inputs. s1 , s1 , s2 , s2 , and s3 , s3 are the damping and stiffness of the front landing gear system, rear left landing gear system, and rear right landing gear system, respectively. t1 , t1 , t2 , t2 , and t3 , t3 stand for the damping and stiffness of the front tires, rear left tires, and rear right tires, respectively. Seat suspension stiffness and damping elements are fs , fs . Stiffness and damping elements between seat and pelvis are sp , sp , pelvis and lower torso are pl , pl , pelvis and upper torso are pu , pu , lower torso and upper torso are lu , lu , and upper torso and head are uh , uh , respectively. 1 ( ), 2 ( ), and 3 ( ) represent the active control forces that are applied to the front landing gear, rear left landing gear, and rear right landing gear of modelled aircraft, respectively. ℓ f and ℓ r denote the distance from Center of Gravity (CG) to the front and rear landing gear along s axis. ℓ sl and ℓ sr denote the distances between CG and rear left landing gear and rear right landing gear f direction. Finally, ℓ sf and ℓ ss denote the distances between CG and seat along f and f directions. 
Equilibrium Equations of Motion.
The dynamic equilibrium equations of motion for the full aircraft having active landing gear systems, an integrated pilot's seat and biodynamic pilot model, are derived by Lagrange method. The general Lagrange equation can be written as
where K , P , and D are the kinetic energy, potential energy, and dissipative energy of the system, respectively.
is the generalized coordinates and is the external forces of the system. The generalized coordinates and forces for the modeled full aircraft system can be written as
In order to obtain the kinetic energy, potential energy, and dissipative energy of the full aircraft system, deflections of each stiffness and damping element are defined as follows:
By the use of (4)- (15), kinetic, potential, and dissipative energy functions of the full aircraft system can be written as
The energy functions (16) can be used to construct the equilibrium equations of motion by substituting them into Lagrange equation (3) for each generalized coordinate. The governing equilibrium equations of motion for the full aircraft having active landing gear systems, an integrated pilot's seat and biodynamic pilot model, are obtained using Lagrange method as follows:
For front landing gear motion,
For rear left landing gear motion,
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For rear right landing gear motion,
For roll motion of the fuselage,
For pitch motion of the fuselage,
For bounce motion of the fuselage,
For the vertical motion of the pilot's seat,
For the vertical motion of the pilot's pelvis,
For the vertical motion of the pilot's lower torso,
For the vertical motion of the pilot's upper torso,
For the vertical motion of the pilot's head,
6
The above equations of motions can be written in the matrix form as
where ( ) is the generalized coordinates, ( ) is the control force, s ∈ R × gives the location of the controller, ( ) ∈ R is the disturbance input, and s ∈ R × is a matrix that weights the disturbances. Finally, s , s , s ∈ R × are the mass, damping, and stiffness matrices of the modelled aircraft system, respectively. These matrices are given in Appendix.
Using the definition ( ) = [ ( )( )] , system (28) can be expressed in state space form aṡ
where
and
is the vector of control inputs.
Controller Design
LMI based controller design has received considerable attention in recent years [24] [25] [26] . In this paper, to improve system performance, an optimal observer based 2 controller having pole location constraints is designed. Based on the integrated model, first an optimal full state feedback controller could be designed to improve the pilot's taxiing performance and essential safety requirements. However, it is well known that full sate feedback approach assumes that all the state variables belonging to the full aircraft system having active landing gears and pilot body are available for measurement. The assumption is questionable, when states of the biodynamic pilot body model are considered. In particular, the lower torso, upper torso, and head displacements and velocities are not practically measurable. Therefore, a full state feedback optimal controller is not suitable to improve active landing gear performance on pilot's comfort and aircraft safety during taxiing. On the other hand, dynamic output feedback controller could be implemented to solve the unmeasurable states problem; however it is an expensive and difficult solution when the model order is increased by adding frequency weighting performance filters [27] . Therefore, in this study an optimal observer based 2 controller having pole location constraints which is less expensive and more practically reliable is applied to the active landing gear system to fulfill the desired performance requirements. The main control objectives are guaranteed asymptotic stability of the closed loop system and disturbance attenuation in the sense of 2 norm. First, solvability conditions for optimal observed based
where ( ) ∈ R is the state vector, ( ) ∈ R is the control inputs vector, ( ) ∈ R is the disturbance inputs vector acting on the system, ( ) ∈ R is the controlled outputs vector, and ( ) ∈ R is the measured outputs vector. Then, ∈ R × , 1 ∈ R × , and 2 ∈ R × are known, real, constant state differential equation matrices and 1 ∈ R × , 11 ∈ R × , and 12 ∈ R × are the matrices to represent controlled outputs and 2 ∈ R × , 21 ∈ R × , and 22 ∈ R × denote the measured outputs with appropriate dimensions.
Rest of this section is organized as follows. Section 3.1 describes the synthesis of optimal state feedback 2 controller having pole location constraints by the use of LMI regions. Thereafter, design of a full order optimal 2 observer is given in Section 3.2. Finally, observer based state feedback optimal controller design is constructed in Section 3.3.
Subscript " " stands for scalar variables or unknown variables related to state feedback controller and subscript " " stands for the full order observer.
Optimal State Feedback Controller Design Having Pole
Location Constraints. In this section, it is assumed that all the state variables are available for measurement. Hence, a state feedback control law
which is a linear function of state vector, can be constructed. Here, ∈ R × is the state feedback controller gain. Then, the closed loop system can be written using (31) and (32) aṡ
An optimal state feedback controller must ensure stability and specified performance against disturbances at the same time. In the presence of exogenous inputs such as disturbances, minimization of 2 norm is one of the well accepted performance specifications [28] . Here, ‖ ‖ 2 stands for 2 norm of the transfer function matrices from disturbances ( ) to controlled outputs ( ) for the closed loop system (33) . Lemma 1 presents a full state feedback 2 controller design.
Lemma 1 (see [29] ] ≻ 0,
Then, the control law ( ) = ( ) = −1 ( ) is a full state feedback 2 controller associated with 2 norm less than .
It is well known that the transient response of a linear system is related to location of its poles in complex plane. Therefore controller design with constraints on closed loop pole locations can ensure satisfactory transient response. Establishing a lower bound for decay rate and an upper bound for damping ratio can be described as domains in complex plane as follows:
where is the positive real number that restricts the real part of closed loop poles and is the value of the angle to prescribe desired damping ratio as cos ( ). Any domain in complex plane can be represented as a LMI region, if there exist a symmetric matrix ∈ R × and unstructured matrix
where is a complex number and superscript stands for complex conjugate of . Then, ( , ) is called an LMI region [30] . Hence, closed loop pole location constraints can be formulated in LMI approach by Lemma 2.
Lemma 2 (see [30] 
where ⊗ is the Kronecker product.
In the light of Lemma 2, to place the poles of the + 2 into a LMI region described by (35),
can be used [30, 31] . Then, the matrices (38) are substituted into (37) and as follows and one obtains
Here, a change of variable = is performed to tackle the bilinear matrix inequality problem. Hence, state feedback controller with pole location constraints can be calculated as = −1 by the solution of (39) . By assuming that = −1 = and a rectangular matrix ∈ R × subject to
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Optimal Full Order Observer Design Having Pole Location
Constraints. In this section, LMI based optimal full order observer design is presented. It is well known that state feedback control approach assumes that all states are available for feedback. However, it is not the case in many real life applications. Thus, observer design is a very important issue and needed in many applications. An observer is another dynamical system which aims to observe the states which are unavailable for measurement. Therefore, a full order observer is given in the form oḟ
wherê( ) is the state observation vector and̂( ) is the observer output vector. Finally, ∈ R × is the observer gain. Observation error and dynamics are defines as
An optimal full order observer design problem can be stated as making the observation error asymptotically stable and least sensitive to the disturbance ( ). Herê( ) ∈ R and 3 ∈ R × are the related vector and matrix to choose which observation errors must be less affected by disturbances. Thereafter, full order 2 observer gain can be computed as given in Lemma 4.
Lemma 4 (see [29] ] ≻ 0
is a full order 2 observer gain.
In order to improve observation performance, pole location constraints with the LMI regions are added to the full order observer design. By the use of Lemma 2 which is given in Section 3.1, poles of the observation error dynamics (42) can be placed into a LMI region with guarantee of decay rate and damping ratio associated with and , as given in an optimal full order 2 observer having pole location constraints can be designed. Since,
is not a convex constraint, = and = are compulsory assumptions. Consequently, full order observer design procedure is formulated in Theorem 5. ] ≻ 0,
Then, is an upper bound in terms of the 2 norm for the error dynamics (42), from ( ) tô( ) for all ≥ 0, and the observer gain is = −1 . If the minimization of is considered, the resulting observer is an optimal full order 2 observer.
Construction of Observer Based Optimal Controller.
In this section, observer based controller structure is introduced. A full order observer can be rewritten aṡ
where computation of is formulated by Theorem 5. Here, a full order observer (46) is a dynamical system which takes control input ( ) and measured outputs ( ) as inputs to produce the estimation of the state vector̂( ). By combining the state feedback gain matrix which can be calculated with Theorem 3, an observer based controlleṙ
is obtained. Integrated structure of the state feedback and observer is depicted in Figure 2. 
Numerical Simulation Study
In this section, extensive numbers of simulations are carried out to verify the effectiveness and applicability of the proposed controller in reducing the effect of runway irregularities on the modeled full aircraft system and to improve ride quality during taxiing. The full aircraft system parameters used in the simulations are given in Table 1 , where the full aircraft model with landing gears parameters is borrowed from [22] , and the seat suspension and biodynamic pilot body parameters are discussed in [23, 32] .
In order to demonstrate proposed controller performance, two typical runway profiles are used as disturbance input which are applied to the aircraft tires. Bump type road profile is considered first to reveal the transient response characteristics which is given by 
where duration of each impulse is 0.8 s and the frequency is 7.85 rad/s [22] . Then, very poor random runway profile is used as the worst case disturbance input. The runway disturbance is generated by a shaping filter method which is described in [22, 33, 34] . It is typically specified as random process with a ground displacement Power Spectral Density (PSD) of
where 2 denotes the runway roughness variance (m 2 ), is the aircraft longitudinal speed (m/s), and depends on the type of runway surface (rad/m). Hence, if the aircraft runs with the constant speed, the PSD (49) and the random runway profile signal may be obtained as the output of a firstorder linear filter expressed aṡ
where ( ) is a white noise process with the spectral density ( ). The road roughness standard deviations for various runway types are given in Table 2 [22] . In this study, runway excitation with E grade very poor random road profile has been considered for the value of longitudinal speed that is 50 m/s. The modelled bump and very poor random runway disturbances are shown in Figure 3 .
In this section, first, an observer based optimal state feedback controller is designed for active vibration control of full aircraft system having active landing gears and biodynamic pilot body. Then, to compare the control performance and show the effectiveness of the proposed observer based optimal state feedback controller with classical LQR controller, the LQR is designed and simulation studies are performed. All the simulations and computations are accomplished using Matlab with Simulink. For the solution of the resulting LMIs, Yalmip parser and Sedumi solver are used [35, 36] . In order to ensure the responses within permissible limits for the essential safety and comfort requirements, the controlled output vector ( ) is constructed as
where s1 ( ), s2 ( ), and s3 ( ) are suspension strokes and previously given in (7), (8), and (9). In addition, each scalar ( = 1, 2, . . . , 7) given in (51) corresponds to weighting coefficients and their values are given in Table 1 . The controlled outputs vector ( ) is described in matrix form as follows:
where 1 is the controlled outputs state matrix, 11 is the control input matrix for the controlled outputs, and 12 is the disturbance input scaling matrix for the controlled outputs.
To guarantee asymptotic convergence of observed state variables with an optimal observation performance, appropriate measured outputs must be chosen. In the observer design measured outputs are selected as
(53)
The measured outputs vector ( ) is described in matrix form as follows:
where 2 is the measured outputs state matrix, 21 is the control input matrix for the measured outputs, and 22 is the disturbance input scaling matrix for the measured outputs.
In the light of Theorem 3, in order to achieve a minimum 
If the above optimization problem has a feasible solution, a state feedback optimal control law can be constructed as
Applying Theorem 3 to this example, is calculated as 28.6555. To improve control performance, the closed loop poles are shifted to the left side of = −15 and damping ratios of each pole are enforced to be less than 0.17 which is the maximum damping ratio value of the open-loop poles.
Then, Theorem 5 is used to construct the observer based controller. To improve observation performance, the observer poles are shifted to the left side of 1 = −10 and right side of 2 = −200 with damping ratios less than 0.7. In order to achieve a minimum 2 norm from ( ) tô( ) for all ≥ 0, one can solve the following optimization problem 
If the above optimization problem has a feasible solution, a full order optimal observer gain is computed as
and is calculated as 0.2121. Then, the observer based controller gains can be calculated by the use of (56) and (58) as explained in Section 3.3. For brevity, developed observer based optimal state feedback controller is henceforth denoted as Controller 1.
To validate and compare the control performance of proposed observer based controller with classical LQR controller, the design equations for a LQR controller can be obtained as in Theorem 6. Theorem 6 (see [37] ). LQR controller design problem is to find an optimal full state feedback control law that minimizes the quadratic cost function
where performance weighting matrices are symmetric and positive semidefinite = ≥ 0 and a symmetric positivedefinite matrix = > 0. Solution of Algebraic Riccati Equation (ARE)
provides the optimal solution. Then, the LQR control law can be obtained as
The performance weighting matrices of the LQR controller are constructed for active vibration control of full aircraft system as By the use of Theorem 6, LQR control law can be easily calculated. For brevity, designed LQR controller is henceforth denoted as Controller 2. It is well known that the safety and comfort are the essential performance requirements for the active landing gear design problem. The safety of the aircraft mainly depends on the suspension stroke and tire deflection responses, while the comfort level of the pilot depends on the pilot's head acceleration response. Ride comfort is known to be frequency sensitive. It is defined by ISO2631-1; humans are most sensitive in the frequency band 4-10 Hz for the vertical direction. Therefore, frequency weighting operation must be performed with band pass filter ( ) on the vertical acceleration time histories as shown in Figure 4 [38, 39] .
Band pass filter ( ) coefficients are borrowed from [38] , to weight the acceleration time histories in the vertical direction. Frequency response of the band pass filter is shown in Figure 5 .
It is apparently seen that the frequency band 4-10 Hz is the most sensitive region for humans as previously stated. Figure 6 shows the time responses of roll, pitch acceleration of fuselage, and weighted vertical acceleration of pilot's head and fuselage, respectively, for both controlled and uncontrolled cases. When the acceleration response plots of considered aircraft system with uncontrolled and controlled cases are compared, a superior improvement in the mitigation of the maximum amplitude values is obtained by the use of proposed Controller 1 and Controller 2.
The corresponding peak values of roll, pitch acceleration responses of fuselage, and weighted vertical pilot's head and fuselage acceleration response are compared in Table 3 for bump and E grade very poor random road disturbance inputs, respectively.
As it can be observed from Table 3 , Controller 1 achieves good control performance on ride comfort during taxiing in terms of the peak value of pilot head acceleration. To validate and compare the control performance of proposed observer based controller with classical LQR controller, the peak values of the roll, pitch acceleration responses of fuselage, and weighted vertical pilot's head and fuselage acceleration responses are shown in Figure 7 for A grade (very good), B grade (good), C grade (average), D grade (poor), and E grade (very poor) road disturbance inputs. Figure 7 demonstrates that a superior improvement in the attenuation of the maximum amplitude values is obtained by the use of Controller 1. Note that proposed Controller 1 largely reduces the pilot's head acceleration compared to Controller 2 and therefore achieves very successful taxiing performance.
The landing gear suspension stroke and tire deflection under bump and random runway excitation are compared for the controlled and uncontrolled cases in Figure 8 . It is observed that the main safety requirements, which are the suspension stroke and road holding, are fulfilled by the proposed Controller 1 and Controller 2.
Additionally, to evaluate the proposed controller performance on different performance aspects using quantitative results, the peak values of landing gear suspension stroke and tire deflection responses are given in Table 4 for the controlled and uncontrolled cases. Table 4 reveals that designed Controller 1 has a satisfactory control performance and achieves a good trade-off, when the different performance requirements are considered. Figure 9 demonstrates the change in control forces for Controller 1 and Controller 2 against bump and random runway irregularities. In this figure, it is seen that the applied control forces could be produced for practical implementation. Desired LMI regions and resulting closed loop pole locations obtained by Controller 1 and Controller 2 are shown in Figure 10 . As it can be observed from Figure 10 , all the closed loop poles are successfully placed in the desired LMI regions by Controller 1. Figure 11 indicates the observation error and it is obvious from the responses that the unmeasurable states of the pilot's body are observed successfully. Figure 12 shows the frequency responses of the bounce, roll, and pitch modes of fuselage and vertical of pilot's head, respectively, for both controlled and uncontrolled cases.
As expected, high gain responses belong to the uncontrolled system. It is obvious that all modes are successfully suppressed by the use of Controller 1 and Controller 2. Additionally, Controller 1 provides the least gains of system response over the frequency band 4-10 Hz, when compared with the uncontrolled system and Controller 2. Therefore, it is clearly seen that a superior improvement in the ride comfort is achieved by Controller 1.
Remark 7.
As it can be observed from simulation results, designed Controller 1 and Controller 2 are both effective in reducing vibration amplitudes. In general, a full state feedback control law provides better control performance against an observer based control law. However, in this study, designed Controller 1 has better disturbance attenuation performance on the acceleration responses without a degradation on tire deflection which directly affects the road holding. Hence, maneuvering and braking responses during the landing are expected to be improved. In addition, frequency responses reveal that Controller 1 has superior vibration mitigation performance over the frequency band 4-10 Hz which drastically influences the ride comfort [38] . Therefore, with this study, a simple easily realizable synthesis method is proposed to obtain observed based optimal control law for full aircraft system having active landing gears and biodynamic pilot body model under runway excitation.
Conclusions
This paper presents an approach for designing observer based optimal state feedback controller to attenuate vibrations that occurred in full aircraft system. Since the state variables of the pilot's body are not available for measurement, an observer based optimal controller design has been proposed. In order to improve controller performance, pole location constraints are included in the controller design process. The main importance of this study is to develop an easily realizable synthesis to obtain practically applicable observer based state feedback controller which provides best performance while taking the unmeasurable states into account. At the end of the study, effectiveness of the proposed controller is illustrated through simulations under bump and random runway excitation. Simulation results indicate that the proposed observer based optimal controller having pole location constraint is all effective in improving the comfort of the passenger-crew and provides better road holding performance to enhance the braking and maneuvering performance during taxiing. In addition, actuator dynamics and actuator saturation phenomenon will be considered for the further study on the control of active landing gears. 
